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INTRODUCTION 
Naturalists for many years have lmown that birds sing most at dawn 
and at dusk, but to which of many physical variables they are responding 
has not been completely determined. This problem has taken on importance 
in the field of wildlife management because calling rate has been used as 
an index of abundance for numerous eame birds, namely the Pheasant, 
Phasianus colchicus ( Kinball , 1949): the :t-~ourning Dove, Zenaidura rnacroura 
(McClure, 1939); the ?-obwhite Quail, Colinus vireinianus (3ennitt, 1951; 
Rosene, 1957): and the Woodcock, Philohela minor (Pitel ka, 1943). 
Of the possible variables which can influence callin g in birds, 
light intensity has received the most attention. Haecker (1916), usin g 
a crude optical light r:1eter, found a definite and hi~h correlation between 
time of beginning morning song and li ght intensity. In 1924 he published 
findings with the same conclusion after measuring light intensity photo-
metrically. Dorno (1924), in repeating part of Haecker 1s work , came to 
the conclusion that li ght was significant, but that the variation in the 
time of beginning morning sone; and sunrise was due to differences in 
dispersal of li ght rays rather than actual light intensity. This 
dispersal was due, in his opinion, to latitude and season of the year. 
Since that time many workers have been concerned with the problem . The 
first American to deal with light intensity as the factor that eoverns 
time of morning callinc was Crai g (1926). He found a close correlation 
between early morning song of the Eastern 1:Jood Pewee ( Contopus virens) 
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and the curve of civil twilight. Walker (1928) found that the length of 
time before sunrise a bird sings is probably dependent on the total amount 
of li ht nresent , but that weather factors influence song to a great extent. 
In agreenent with these findings were those of Lutz (1931) studying 
singing in the House Wren (Tro~lodytes musculus). He found that one 
individual began to sing at almost the same time on each of 24 mornings. 
If the morninr was bright , song Ca!'le earlier; if cloudy, it came later, but 
time never varied more than 15 minutes . Wiens (1960) stated that the song 
of the Cardinal (Richr1ondena cardinalis) uas closely associated with sunrise 
during Aoril. He recorded calls berinning 10 minutes (plus or minus J 
minutes) before sunrise durin~ this month . Eynon (1960), in co~piling 
field notes of the late Aldo Leopold, showed that the first morning songs 
of several "'lasserine and rame birds are closely associated with very low 
lieht intensities that occur during the twilir,ht before sunrise. 
Studies showing effect of licht intensity on animal activity are 
not limited to birds. Ala-xander and Hoore (1958), studying sine;ing in 
bro species of Cicada (insects), found that both are sensitive to chanees 
in li ~ht intensity. Sinring increased as the sun came up and decreased 
as the sun passed behind a cloud. They attempted to stimulate singing 
v1ith taped song under cloudy conditions, but only one species responded. 
Steven (1959) showed that schools of fish occurring during daylight hours 
½reak up as li 0ht falls below 0.1 foot-candle. He stated that there was 
no sudden change from day to ni~ht behavi or patterns at any level of li~ht; 
the change was pr oo;ressive. 
Other factors which have been shmm to affect time and rate of bird 
callinc arc temperature, wind , and rain. Groebbels (1925) believed that 
early r.orninG siniinr; was a direct response to prevailing low temperatures. 
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Kendeigh (19Yt-) stated, as a general rule, that birds were more active 
during cool, rather than hot and humid, weather. For examples he used 
the birds on the hot prairies and deserts of the western United States 
which were more active and sang most during the cool morning and evening 
hours. During the middle of the day they became silent. Alexander (19Jl) 
stated that extreme high or low temperatures inhibited bird song; and 
Palmgren (1932), using a quantitative method, found that singing varied 
inversely with temperature at different tillles of the day. Shaver and 
Walker (1931) shcmed that the evening sonr; of the l1oclr.ingbird (ni.mus 
polyglottis) was significantly related to temperature. 
McClure (1939) was the first to determine factors which influence 
calling in a game bird . Workin g with the Mourning Dove he found that 
cooing activity was greatest in the morning and evening, with calls 
coming earlier as the days lengthened in the spring. He also found that 
rain depressed calling but did not silence all birds. HcClure also 
mentioned the inverse relation between wind and cooing, and that cooing 
by one or more birds stilllulated other birds to coo. Results from this 
and other studies (Foote et. al., 19.52; Foote, Peters, and Finkner, 1958; 
Lowe, 1956) form the basis for currently used "coo count" censuses. 
Kimball (1949) adopted a similar procedure to determine nlllTlbers of 
Pheasants. Since the early work of HcClure and Kimball, many workers have 
shown the influence of variables on calling rates. Sr.u.th (1950) and Taber 
(1949) have shown seasonal and diurnal variations in crowing of the 
Pheasant. Kozicky (1952) described the relation of crowing to the 
breeding season and the amount of dewfall present. Klogland and Kozicky 
(1953) demonstrated that the frequency of crotr.L.Tig of an individual cock 
Pheasant was dependent on the population density. 
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Call count indices have also been used for the lobwhite Quail. 
Eennitt (1951) found little variation in calling from June 1 to July 20. 
Ripley and Garvin (1955) and Reeves (1951) also used a call index for this 
quail. 
Work to determine an adequate nethod for estimating abundance of 
Chukar Partridge (Alectoris graeca) has met with little success . Nil sson 
(1956) reviewed the Chukar inventory techniques currently used in the 
mana~ement field. These include walkine transects, waterhole counts, 
and visual observations. These methods are difficult due to the rough 
terrain which the Chukar normally inhabits. l:,0h1 (1956) attempted to 
stir:ulate callinr- in ,r.Ud birds with recorded calls and ta."lle caller oirds. 
He was only nartially successful in stir.mlatine a calling response, but 
dispersion of released birds could be deteITJined from calls heard. 
The rally call of the Chukar, des cribed in detail by Stokes (1961a) 
is a loud call audible for 500 yards under ideal conditions. It appears 
to serve three functions depending on time of year and social situation. 
In the sprinr or breeding season the call is sexual and aggressive , but 
at other tines of the year it functions to regroup a dispersed covey of 
Chukars. Stokes (1961a) describes the sexual and aggressive function, but 
no ouantitative work has been done to detemine causation and function 
outside of the oreeding season. Of all the calls of the Chukar, the rally 
call is most suitable for use in a call census. 
This study measured the corrposite and individual effects of time 
of day, season, light intensity, wind , rain, and temperature on calling. 
An attempt was made to apply correction factors to make possible more 
standardized calling counts. Observations were made on penned Chukars 
to rclo.te sex and social or ganizat ion to rally calling. 
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PROCEDURE 
Study of Wild Birds 
Study area 
Observations on rally calling in wild Chukar were taken on Little 
lountain , Box Elder County, in northeastern Utah. Little Mountain rises 
from the valley of the Great Salt Lake and is isolated from other 
mountains by the ancient 8onneville Lake bed. Here steep slopes, rocky 
outcrops, sagebrush (Artemi3ia tridentata) stands, and expanses of 
cheatgrass ("tr'omus tectorum) combine to form excellent Chukar habitat. 
Throughout the year water is available around the mountain in the form 
of seeps and alkali marshes. Due to its 8 ,000-acre size, only part of 
the mountain was used as a study site. 
The northwest corner of the mountain is a three- sided basin, JOO 
yards in diameter (Fi ~ure 1). Slopes enclose the north, west, and east 
sides. An elevated hillock in the center of the depression overlooked 
the entire area. From this elevated point Chukars using the area could 
be seen throu ghout the day. All observations were taken from the hillock. 
The interspersion of sagebrush and cheatgrass is good, providing feedin g , 
escape, loafing, and nestin g cover in proximity. Combination of these 
features made an excellent site for recording rally calling and associated 
activities. 
Released Chukars 
In early ~~ch 1960, 200 adult Chu.kars (100 of each sex) were 
6 
Figure 1. Basin study area as seen from the east on Little Mountain, 
Box Elder County, utah. Note edge effect between sagebrush 
and cheatgrass. 
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released into the study basin. In the 2 years preceding this study, 1,400 
Chukars had been placed on Little Mountain. The stock crone from the utah 
State Department of Fish and Grune. One hundred Chukars had bicolor plastic 
tags, a modification of the Nelson tag (Nelson, 1955) (Figure 2). Within 
J weeks after release approximately three-quarters of the original group 
had moved away from the basin. The rest remained near the release site 
and paired. There was no observed movement of birds into or out of the 
basin during the entire study. Following the original dispersal after 
release, aggressive males prevented other males from moving back into the 
basin. Crowding never seemed severe enough to force established pairs 
from the basin; however, in May I released five additional lU1Illated, 
marked males on the study site. They left the vicinity within 1 day 
after having been chased by males already present on territories. Later 
they were seen elsewhere on the mountain. Only birds within the basin, 
approximately 20 pairs, were included in this study of rally callin g. 
Saznpling procedures 
Observations were normally taken from 1 hour before sunrise until 
JO minutes after sunset. Number of days and hours of observation were: 
April, 7 days with a total of 66 hours; May, 8 days with a total of 55 
hours; June, 6 days with a total of 67 hours; July, 6 days with a total 
of 50 hours. Initially an observation blind was used, but birds were so 
tazne this later proved l.lllnecessary. 
Measurement of physical factors.-I measured the following factors 
of the physical environment: light intensity, wind, rain, and tempera-
ture. Light intensity was recorded with a photographic light meter 
placed face down 2 feet above a standard reflecting surface. With light 
intensities less than 100 foot-candles, readings were taken at the 
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Figure 2. Chukar Partridge :marked with bi color plastic tag . 
beginning of each 15-minute samplin g period. Temperatures were recorded 
from a thermometer placed in a shaded position 4 feet from ground level. 
I recorded rain as falling or absent during each period. Amount of 
rainfall was not measured. 
To minimize the effects of changes in time of sunrise and sunset 
with season, the daylieht period was broken into 15-minute sampling 
periods . The two periods containing the time of sunrise and sunset were 
assigned the mnnber 5. Time before sunrise and after sunset then fell 
into periods 1 to 4, and the remaining periods were numbered consecu-
tively from 5 until noon was reached. These periods were grouped into 
class intervals (Table 1) for statistical analysis; morning and evening 
observation periods were separately treated. Observations were also 
grouped by month to measure the effect of season on callin g . 
Study of Captive Birds 
To relate sex and social rank to calling rate 15-minute observa-
t:.ons (totalin g 20 hours) were made on 10 adult, individually marked 
Chukars (5 of each sex) placed in a 60- x 40-foot outdoor pen. Their 
history of sexual and age;ressive experience was unknown. Sampling ran 
from February 12 throu gh Harch 13. Male social rank was based upon the 
outcome of observed aggressive encounters. Females were much less 
aggressive than males, so less conspicuous si gns of aggression, i.e. 
peckin g durin g periods of feedin g and dustin g , were u.sed to determine 
their social rank. I recorded rally calls civen by each individual . 
Analysis of Data 
Two Methods of statistical analysis were used on the data : 
graphical to deterrrl.ne general calling patterns,and multiple regression 
to deter rd.ne the independent and correlated effects of each variable. 
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Table 1. ~an~e and class interval for each measured variable. 
Variable 
1
-lind 
Li ~ht intensity 
Temperature 
Rain 
Time of day 
Range 
0-2 mph 
3-5 mph 
6-10 mph 
11-f'reater 
0-25 ft-c 
26-60 ft-c 
51-100 ft-c 
101-JOO ft-c 
301- 600 ft-c 
J0-1~9° F. 
50-65° F. 
66-?9° F. 
80- 96° F. 
absent 
present 
Class 
interval 
1 
2 
J 
4 
1 
2 
3 
4 
5 
1 
2 
J 
4 
0 
1 
A .1-~. and P . 1' . oeriods 
(15 minutes) 
A .M. 
-4, -3 
-2, -1 
0 (sunrise), 1 
2 , J, 4, 5 
6, 7 , 8 , 9, 10 
11-15 
16-20 
21-28 
p. ':. 
- 4 , - 3 -2 
- 2 , -1 -1 
0 (sunset), 1, 2 0 
J , 4, 5, 6 1 
? , 8 , 9 , 10, 11 2 
12-16 3 
17-21 4 
22-26 5 
27-33 6 
10 
11 
Graphical 
Total numbers of calls were graphed in relation to each of the varia-
bles measured. Variable range was determined and each variable was 
grouped into class intervals (Table 1). Morning and evening periods for 
each day were treated separately. Values were then determined for average 
number of calls with all possible combinations of any two variables (i.e. 
number calls x time of day x wind; number of calls x time of day x 
temperature, etc.). The resulting 15 combinations were graphed (Figure J). 
Subjective evaluation of these graphs determined the mathematical models 
which were used in the multiple re gression analysis. 
Multiple regression and mathematical models 
The purpose of this analysis was to determine the independent effect 
of each variable on callin g, and the degree of correlation or interaction 
among variables. The mathematical models were to be used in predictin g 
the number of calls expected for given environmental conditions. The two 
models used were: Model 1 
2 2 y = b0 +bl½+ b2x2 + b3x3 + b4x4 + b? 5 + b6x6 + b?½ + bgX4 + 
2 2 
b9½x4 + ~o½ x4 + b11½x4 + b12½x2 + blJ½~ + ~4x2x5 + 
where y = number of calls per 15-minute sampling period 
½ = time of day 
½ = light intensity in foot-candles 
x3 = temperature in °'s F. 
x4 = time of year 
rain 
x6 = wind velocity in miles per hour 
,, 
,., 
I I 
I I 
I 
I I /~1---#"- --
/ I ~o, 
I/~ I / I 
;~ J¼R,},,_ 
/ I 
/ I 
I 
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Figure J. Graphi cal relation between average number of calls , uresen ce 
or absence of rain, and month. One of the series of 15 three-
dimensional graphs from which mathematical models 1 and 2 were 
formulated. 
b0-b15 = constants for each term 
Model 2 was identical with Model 1 except that the ninth term was 
omitted. 
lJ 
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RESULTS 
General Activity 
Daily pattern 
Daily activities of the Chukars followed a pattern through the 
entire study. Birds roosted primarily on the talus slopes of the basin's 
south side. Normally the Chukars left the roost from 30 to 45 minutes 
before sunrise, but as Stoddard (1931) has shown for the Bobwhite Quail 
rain or dew delayed the time of leavin e the roost. Sumner (1935) stated 
that California Quail (Lophortyx californica) often stand inactive for a 
period after leavin g the roost. Rally calling was not heard while the 
birds were in the roost area. Awakening activity seemed confined to 
'' sq uee" (Stokes, 1961a) and low contact callin g . Awakening calls, 
particularl y in the sprin g , have been described for the Bobwhite and 
California Quail (Stoddard, 1931; Sumner, 1935). Two to 5 minutes after-
wards the Chukars fle w to the open feeding are a in the bottom of the basin. 
"',Jhee-tu" callin g was heard prior to and durin g the fli ght to the bottom. 
This call has been descri bed (Christensen, 1954) as the alarm call given 
by the Chukar on bein g flushed. On numerous occasions Chukars feeding in 
the open would, for no apparent reason, fly to cover while givin g this 
call. I also heard this call on other occasions where Chukars flushed 
of their own accord. I feel that "whee-tuing" does not al ways indicate 
alar m, but that it is associated with flight. Dohl (1957) stated that he 
has heard it without the birds bein g alarmed. 
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Intense calling followed arrival in the bottom of the basin. Feeding 
began and continued for 1 to J hours. Midmorning rally calling generally 
followed the end of morning feeding. During midday the Chukars retired 
to cover and confined activities to dusting, preening, and dozing. Midday 
aggression was associated with rally calling but was uncommon. 
Four to 5 hours before sunset the Chukars again left cover to feed 
in the open. \.Jhile feeding, a pair often moved into another's territory. 
Such trespass led to rally callin g. Movement to roost began just before 
sunset. I did not observe Chukars flying to roost as has been reported 
for the California Quail (Sumner, 1935), since the Chukar is apparently 
reluctant to fly uphill. Clifton Greenhalgh (personal communication) 
stated that he had seen Chukars fly to water before roosting, but that 
they went to the roost on foot. As the Chukar is primarily a eround 
roosting bird, flight is not needed to obtain the roost site. Stoddard 
(19Jl) observed Bob\lhite Quail, primarily a gr ound roosting bird , flying 
to their roost on only one occasion. 
Territorial defense seemed to cease in the late evening when most of 
the Chukars moved to the south slopes. Assuming that pairs roosted in the 
sane place from ,rhich they took flight in the morning, pairs do not seem 
to roost as close to one another as members of a covey. Bohl (1957) and 
Phelps (1955) cited evidence of Chukars roosting in a circle as do 
Bobwhite and Scaled Quail (Callipepla sguamata), but no information is given 
on roosting of pairs. 
Seasonal pattern 
By March all Chukars in the basin had paired, but as summer progressed 
the hens did not nest. In early June pair bonds began to break down and 
by June 15 all of the Chukars congre gated in two coveys, one of which 
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occupied the west half of the basin and the other the east. Mingling 
between these groups was not noted, and contact released calling and 
other signs of aggression. &rington (1933) described calling and 
fighting among two coveys of Bobwhite Quail and stated that the "strife 
had been occasioned by the trespassing of an outside covey into territory 
already occupied." Boyd (19.53) showed that large families of }1'hite-
fronted Geese (Anser albifrons) in winter flocks are dominant over small 
fa..-ul.ies, but as these Chukar coveys did not represent family groups 
little comparison can be made between the two examples. Howard and 
Finlen (1942) cited activities in the California Quail where strange birds , 
alone or in small groups, were excluded from contact with an established 
covey. Following a period of acceptance the "aliens 11 were adnitted to 
the group. Fi Gure 4 shows the difference in callin g before and after post-
breeding ccrvey formation. This difference was partially due to the amount 
of calling resulting from contact between the two coveys. ':/hen the birds 
were in pairs calling peaks normally occurred early in the morning as the 
Chukars resumed territorial defense for the day. Following post-breeding 
covey formation the peak in morning calling came later in the day as the 
two coveys came into the same area for feeding (Figure 4). 
I saw no broods within the basin, but hunter returns from other parts 
of the mountain show there was a late hatch ( July to Aueust). This 
abnornal breeding sequence undoubtedly influenced calling. }'.ehner (19.52) 
shoued that song in several passerine birds ceases after breeding but may 
resume after the post-nuptial molt. ~ice (1937) stated that in the fall 
of 1930, a drouth year, singing of Song Sparrows (: .elospiza Melodia ) 
began 14 to 18 days earlier than in 6 other years. Also, 1930 was a year 
of an early molt for the Song Sparrow accompanied by abnorn.ally high fall 
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Figure 4. Diurnal patterns of rally calling before and after post-breeding covey 
f ormation . 
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calling. 
Diurnal Pattern of Calling 
A curve for the diurnal pattern of calline for the entire period 
of study was obtained by plotting the average mnnber of calls for each 
class interval of time (Fieure 5). Two morning peaks normally occurred. 
The first peak (hereafter called the early morning peak) came from 45 
minutes before to 2 hours after sunrise. The second morning peak (the 
midmornin~ peak) came from 2 to 6 hours after sunrise. Due to the day 
to day variation in time of occurrence of both peaks the curve of 
averaee values shows morning callin g more as a plateau of hi gh calling 
than as t't-;o discrete peak s. When individual days of sampling are taken 
separately, two definite calling peaks are generally seen. Both peaks 
were closely associated with beginnine; and end of feedin i; periods. 
Calling declined at nidday and rose to an evening naximum 45 minutes before 
to 15 minutes after sunset. 
Seasonal Variation 
The patterns of calling changed from month to month (Figure 6). 
The monthly variation of callin e was in part due to variations in weather 
and does not necessarily represent a true seasonal change. Weather during 
April was clear to partly cloudy with rain on 1 day only. Rain was 
recorded on 3 observation days during May and clouds were present on 3 
others. June was partly cloudy to cloudy with rain on 2 sampling days. 
Weather during July was perfect with clear skies on all 6 days of sampling. 
Calling during April was the only month to follow the diurnal curve 
of overall mean values (Fi gure 5). During Y;ay early morning calling was 
lower and came later in the day . The exaggerated evening peak came 
earlier in the day. In June the normal early morning peak was absent but 
JO 
~ 
t (!) 20 +> 
-~ 
J... (!) 
0. 
Cl) 
~ 10 
H (I) § 
~ 
Q) 
bO (lJ 5 J... ~ 
< 
0 
-2 -1 0 1 2 3 4 5 5 
Class interval of time 
Figure 5. Overall diurnal pattern of rally calling. 
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Figure 6. Monthly variations in rally callin g . 
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was followed by hieh midmornin~ calline. Evening calling during June was 
reduced. The early morning peak was absent during July, but the midmorning 
maximum was higher than for any other month. July had a normal evening 
maximum which came early in the afternoon . 
The early morning calling peak showed an overall seasonal change 
(Figure?). During all months of sampling peaks occurred from 2 to JO 
minutes before sunrise. Average number of calls before and after sunrise 
and sunset also show a seasonal change (Table 2). Table J shows the 
overall mornin g and evening averages for each month of samplin g . 
Calling was hizhest during April, declined during May and June, and then 
rose again in July. Calling riay have decreased after April as a result 
of cool, wet weather which occurred during the latter part of April and 
J:ay. The great est amount of callin g occurred as pairs established 
territories in April. An increase in callin g also accompanied inter-
covey a~gress ion during late June and July. 
Effects of Physi cal Factors 
Lir;ht intensity 
Rates of callin g for each li ght intensity are listed in Table 4. 
The greatest number of calls came when light intensity was below 50 ft-c. 
However, low light intensity normally came at early morning and late 
evening. Low li ght readin gs that occurred durin g a cloudy nidday did 
not stimulate an increased amount of calling. Thus on June 28th, the 
early morning peak occurred at light intensities less than 40 ft-c, but 
the midmorning peak came at a li ght readin g of 200 to )40 ft-c (Table 5). 
Temperature 
Temperatures ran ged from J0° to 96° F. during the study. Cold 
weather seemed to have little effect on callin g , but high temperatures 
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Table 2. Average number of calls before and after sunrise and sunset 
for each month of sampling. Percentage of total monthly calls 
is shown in parantheses. 
April June July 
1 hour before sunrise 19 (14) 4 (1) 7 (7) 6 (1) 
1 hour after simrise 15 (26) 14 (Jl) 14 (19) 2 (2) 
JO minutes before sunset lJ (2J) 26 (J2) 5 (14) 6 (9) 
JO minutes after Stmset 21 (26) 10 (8) 0 (0) 0 (0) 
Table J. Overall average number of calls by month. 
Morning 
Evening 
April 
14 
5 
8 
6 
June 
9 
J 
July 
12 
4 
Table 4. Average number of calls in relation to light intensity. 
Light intensity Morning Evening 
(ft-o) Average number Number Average number 
calls periods calls 
0-25 lJ 87 9 
26-50 9 41 9 
51..J.OO lJ 51 9 
101.-JOO 11 164 4 
JOl-600 8 10) 1 
Number 
periods 
78 
23 
41 
155 
17.3 
Table 5. Number of calls and physical factors recorded on morning of 
June 28, 1960. 
Time Number Light Tem~erature Wind Rain 
A. i . of calls intensity F. mph 
ft-c 
4:15 0 0 66 4 0 4:JO 22 0 65 4 0 4:45 12 0 64 4 0 5:00 0 1 63 6 0 5:15a 0 3 62 10 0 5:JO 33 8 63 6 0 5:45 24 15 64 6 0 6:00 18 24 63 4 0 6:15 19 25 63 4 0 6:JO 6 25 64 4 0 6:45 2 40 64 4 0 7:00 0 40 67 4 0 7:15 1 50 67 4 0 7:30 0 50 68 4 0 
7:45 1 75 69 4 0 8:00 3 100 70 4 0 8:15 10 200 72 4 0 8:JO 32 200 74 4 0 8:45 29 150b 73 4 0 9:00 21 190b 74 4 0 9:15 24 210 78 J 0 9:JO 26 180b 80 J 0 9:45 JO 340 83 2 0 10:00 J 190b 81 2 0 10:15 12 240 80 1 0 
a Sunrise 
b Sun behind cloud 
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that occurred at midday late in June and July depressed calling. Cool 
temperatures accompany the higher calling periods, but these were 
normally in the early morning and late evening ( Table 6). There is no 
indication of a cause and effect relationship between temperatures and 
calling rate except under extremely low or high temperatures. Ymny 
authors state that most birds are inactive during midday when tempera-
tures are in the higher ranges (Alexander, 1931; Kendeigh, 1934; Nice , 
1943; Van Tyne and Berger , 1959). 
~ 
I recorded winds from Oto 45 miles per hour. McClure (1944) 
stated that winds were the major distorting factor when recording Pheasant 
calls stimulated by the explosion of aerial bombs. In his study the 
mechanical effect of wind whistling by the observer's ear prevented 
calls from being heard. The uniqueness of the sampling area should be 
emphasized at this point. I was in visual contact with the majority of 
the Chukars in the basin and was often able to detect rally calling by 
the uprieht posture assumed by the Chukar when giving this call. The 
resonance of the rally call and the unusual shape of the sampling area 
enabled me to hear calls even when the wind exceeded velocities of 10 
miles per hour. There were only 20 sampling periods with velocities in 
excess of 10 miles per hour. At these times the Chukars normally 
remained close to cover and gave no indication of callin g . However, on 
one occasion n high calling rate was obtained with winds blowing at 42 
miles per hour (Table 7). Table 8 shows the average number of calls in 
relation to increasing velocity. 
The diurnal calling curves in relation to wind given in Figure 8 
are cumulative curves for the entire study. They do not necessarily 
Table 6. Average number of calls in relation to temperature. 
Temperature 1forning Evening 
Average number Number Average number Number 
OF. calls periods calls periods 
J0-49 13 88 lJ 19 
50-6.5 9 219 4 76 
66-79 11 120 4 136 
80-96 5 59 4 249 
Table 7, Calling under conditions of wind and rain (abnormal) on 
morning of Hay 23, 1960. 
Time Number Light Tem~~ature Wind Rain 
A.M. of calls intensity mph 
ft-c 
5:JO 25 12 52 5 0 
.5 :45 22 13 52 5 0 
6 :00 0 13 52 10 0 
6 :15 20 13 54 40 0 
6:JO 53 18 56 40 + 
6 :45 11 25 57 40 + 
7:00 2 50 .58 40 + 
7 :15 0 50 58 45 + 
7 :JO- 0 50- 59 35- + 9 :00 60 40 
+ = raining 
Table 8. Average number of calls in relation to wind velocity. 
Velocity Horning Evening 
Average number Number Average number Number 
mph calls periods calls periods 
0-2 12 237 5 246 
3-5 10 165 3 165 
6-10 6 JO ? 42 
11-45 4 20 3 27 
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represent winds which occurred on the same day of samplin g. With wind 
velocity below 2 miles per hour the calling pattern compares with the 
overall diurnal curve (Figure 5). Toe total effect of 3 to 5 mile per 
hour winds was to depress the early morning peak greatly and the mid-
morning peak to a lesser extent. Winds of from 6 to 10 miles per hour 
caused the early morning peak to occur after sunrise, with the midmorning 
peak occurring at the same time but to a lesser extent. Winds in excess 
of 10 miles per hour depressed both the morning and evening calling peaks. 
Precipitation 
I recorded rain during only 40 of 933 sampling periods. Twenty-nine 
of these came in the morning (Figure 9). Rainfall normally caused the 
Chukars to move to cover. The effect of rain compared with clear weather 
on two mornings in April was very pronounced (Table 9). On April 19 rain 
began JO minutes before sunrise and continued for 2 hours. Total number of 
calls for this morning was J, compared with the much higher J21 calls on 
the clear morning of April 15. Rain, however, did not always depress 
calling to such an extent. Frequent calling was observed on r-:ay 23 
(Table 7) when conditions of wind and rain were both adverse. An aggressive 
dispute among several males was in progress at the time rain started to 
fall,and it continued for 45 minutes with rain falling. Wind and rain 
both tended to make the Chukars inactive and thus reduced individual 
contact. Wind and rain that occurred after aggressive contact had been 
made did not have as great an effect on callin g . 
Other environmental factors 
I noted that hawks and eagles influenced calling in two different ways. 
The presen ce of a hawk in the study basin normally caused the Chukars to 
remain silent even during times when high calling was to be expected.. On 
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Table 9. Calling under conditions of clear and rainy weather. 
April 19 
Time Number Li ght Temperature Wind Rain 
A.M. of calls intensity OF. mph 
ft-c 
5:15 0 0 46 4 + 5:JO 0 0 45 4 + 5 :45a 0 0 45 4 + 6 :00 1 3 42 4 + 
6:15 0 J 42 4 + 6 :30 2 7 40 4 + 6:45 0 lJ 39 4 + 
A ril 1 
5:15 25 0 J4 0 0 
5:JO 32 0 34 0 0 
5:45 42 2 J2 0 0 6 :ooa 12 5 32 1 0 6 :15 8 10 32 1 0 
6:JO 6 25 31 1 0 
6:45 7 50 JO 1 0 
a Sunrise period 
+ Raining 
Jl 
June 15 a Marsh Hawk (Circus cyaneus) circled over the basin from 7:15 P.M. 
until sunset at ?:58 P.M. Note the higher calling rate on J\llle 17 (Table 
10) when the hawk was not present. 
I also observed increased calling after two Golden Eagles (Aguila 
chrysaetos) flushed several Chukars into another pair's territory. After 
the eagles left, the male of the invaded territory and the intruders called 
until the flushed pair returned to their territory. 
Social contact 
. 
As seen above. contact between pairs or members of a covey influenced 
calling. Table 11 is a record of calling dur1ng an aggressive encounter 
between two males on their territories. Rain fell for 10 minutes following 
noon and both birds began to call after leaving the shelter of sagebrush 
where they had been during the rain. Normally, I would not have expected 
to hear any calls at this time of day. Calling apparently began on visual 
contact. Their calling stimulated a male on the east side of the basin to 
call. The )5 calls for the hour were from these J males only. 
Food availability 
April and May were wet enough to insure a good growth of green vege-
tation during the sl.ll'llmer. Had there not been food that was easily 
obtained during the study, I feel that a greater amount of time would 
have been spent in feeding; and there would have been a decrease in the 
total amount of calling. Lack of green vegetation might also influence 
the amount of calling indirectly. MacGregor and Inlay (1951) have shown 
that Gambel 's Quail (Lophortyx gambell) failed to breed where there was a 
scarcity of green feed during a drouth. Christensen (1958) described 
Chukars .failing to breed following severe drouth in Nevada. Lack of 
Vitamin A, normally acquired from green feed, inhibits gonadal growth and 
J2 
Table 10. The effect of presence of predator on calling. 
Evening of June 15 - Hawk in basin area from 6 :15 to 8:00 P.H. 
Time Number Light Temperature Wind 
of calls intensity OF. mph 
f't-c 
6:00 0 90b 79 7 
6:15 0 80 79 7 
6:JO 1 150 80 7 
6:45 0 70b 80 7 
7:00 7 200 80 J 
7 :15 2 150 80 3 
7:30 5 100 80 3 
7:45 0 70 80 3 
8:ooa 0 10 78 2 
8:15 0 5 78 3 
E'vening of June 17 - No hawk present 
6:00 2 6ob 77 4 
6:15 6 50b 77 4 
6:JO 10 90b 77 0 
6 :45 18 6ob 78 0 
7:00 6 48b 76 1 
7:15 6 30b 74 0 
7 :JO 28 10b 71 1 
7:45 17 5b 70 0 
8:ooa 8 1b 68 0 
8 :15 0 ob 66 0 
a Sunset 
b Cloud over sun 
Table 11. Calling by three males during an aggressive encounter on 
June 17, 1960. 
Time 
p. :. 
1:15 
l:JO 
1:45 
2:00 
2:15 
2:30 
2:45 
Number 
of calls 
0 
0 
l 
32 
1 
1 
0 
a Sun behind cloud 
+ Raining 
Light 
intensity 
ft - c 
400 
50a 
70a 
100 
100 
200 
200 
Temperature 
°F. 
84 
78 
76 
76 
77 
79 
80 
Wind 
mph 
2 
2 
2 
0 
2 
1 
1 
Rain 
0 
0 
+ 
0 
0 
0 
0 
33 
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production of sex honnones (Lehmann, 195J; Jestler, 1946) resulting in 
reduced sexual motivation during the breeding season. As the rally call 
is associated with sexual activity I feel that calling could be reduced 
if sexual motivation were below normal. However, as the threshold level 
of gonadotrophic hormones necessary to produce sexual activities of 
call ins and breeding have not been determined this may not be true. 
Calling may occur at a lower threshold than is needed to produce copula-
tion. 
Relation of Sex and Social Order to Calline 
In passerine birds song is prirlarily vooalization by the male, but 
females may sing on occasion (Hice, 194J). The rally call of the male 
Chukar has been shown to be closely associated with dominance (Stokes, 
1961a). Observations on penned birds where individually marked Chukars 
of both sexes could be closely observed were made to determine the effect 
of sex and social rank on callin g. 
I observed wild male Chukars callin g more frequentl y than females, 
but the latter did call on several occasions after pair formation. I 
did not observe female callin g after post-breeding covey formation, but 
then determination of sex was more difficult due to the sexes being 
identical. 
Doth sexes called in the pens. Table 12 shows the results of 
aggressive encounters between males. Lateral stance with head tilt, 
circlin g , and chasing (Stokes, 1961b) were the most common forms of male 
aggression. Table lJ records pecks given and received for each female. 
Pecldn g amone the fer.i.ales was comm.on when first put into the pen, but 
they soon habituated. to each other and aggression was infrequent. 
Subordinate females remained at a distance when a dominant hen was 
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Table 12. Results of aggressive encomters between male Chukars • 
Bird .Encounters won .Encounters lost 
1 40 0 
2 13 19 
3 5 16 
4 2 12 
5 0 lJ 
Table 13. Pecks given and received by female Chukars. 
Bird Pecks given Pecks received 
1 5 0 
2 8 1 
3 3 4 
4 2 5 
5 0 8 
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feeding or dusting. As seen in both Tables 12 and 13, a straight-line 
dominance relation existed within each sex. Schjelderup..Ebbe (19)5) and 
Guhl (1953) have shown the same organization for a small gr oup of domes-
tic fowl of mixed sexes. This has also been described for the Pheasant 
(Collias and Taber, 1951) aoo the Red Jtmgle Fowl, Gallus gallus (Banks, 
1956). 
Sexual activities of penned birds began in mid-March, the normal 
tilne for this latitude (Christensen, 1954). Males were more aggressive 
than females through the entire period. Sixty-four calls were recorded 
from the cocks; 155 .from hens. Ma.le 1 was the alpha male of the group 
as seen in Figure 10. Male 2 attempted to display before the females but 
was generally attacked by Ma.le 1. other males. particularly 5, showed no 
interest in the females. Male 5 seldom left the cover of vegetation, 
even to feed. The peck order of the females was loosely defined. 
Although copulation took place , females appeared less active sexually 
than the males and did not respond actively to advances by Male 2. 
Stokes (1961a) also found that early in the season females did not respond 
to courtship behavior of males (waltzin g and tidbitting). Table 14 shows 
the combined influences of sex and social rank on calling. The high 
calling rate of the females was, in part, due to the stimulation received 
from birds calling out of sight in a nearby building. When the Chukars 
in this building called, the female Chukar-s congregated in the end of the 
pen nearest the building and called in reply. This calling may have 
represented the function of rally calling normally seen outside of the 
breedi.l".g season; that is, regrouping a dispersed covey of Chukars. 
Application to a Census 
Is it possible to predict when and with what frequency Chukars will 
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Table 14. Relation of rally calling , display, and copulation to social 
rank in captive male and female Chukars. 
Bird Social Number of Circling or Copulation 
rank calls waltzing 
Male 1 1 22 infrequent infrequent 
Yi.ale 2 2 36 common common 
Hale J 3 2 never never 
?-hl e 4 4 4 never never 
Hale 5 5 0 never never 
Pecks given Copulation 
Female 1 1 26 5 yes 
Female 2 2 40 8 yes 
Female 3 3 27 J yes 
Female 4 4 30 2 none 
Female 5 5 32 0 none 
J9 
call knowing the effects of peysical variables, i.e. wind, rain, tempera-
ture, and light intensity on calling? This question was to be answered 
by the application of a predictive mathematical model, the b values of 
which are given in Table 15. This can be demonstrated by a specific 
example. 
Model 1. 
y = bO + h:i_x:i_ + b~ + bJ~ + b4X4 + b_?5 + b6X6 + b'r.l 2 + bg2t4 2 + 
2 2 
b9:ltj_X4 + bio~ X4 + h:ti~X4 + bl2-"J.X2 + ~Y1.XJ + ~4X2X5 + 
where y = number of calls/15-minute period 
~ = time (coded period number, Table 1) 
½=light (actual foot-candle value) 
x3 = temperature (in °F.) 
x4 = day (numbered consecutively from Jan. 1 , as 1) 
x5 = rain (recorded as O for absent; 1 for present) 
x6 = wind (in miles per hour) 
Assuming that we would predict the number of calls at sunrise (15 minutes, 
period 5) on July 1, the following substitutions are made. Assume the 
following physical conditiom(I have substituted the overall mean values 
for this time): 
~ = time = 5 
½ = light = 6 foot candles 
XJ = temperature = 49° F. 
X4 = day = 18J 
X5 = rain = 0.09 
x6 = wind = 2.5 miles per hour 
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Table 15. Values obtained from mathematical models 1 and 2. 
Variables Model 1 (A • . period) Model 2 (P. M. period) b values t-tast b values t-test 
Time(x:i_) (bl)-6.0J 2.09a -2.011 1.02 
Light(½) (b2) 0.02 .6J .0491 1.6Ja 
Temperature(½) (bJ) 0.29 .99 .OJ02 .12 
Day of season(¾) (b4)-1.95 2.09a -.1969 1.69a 
Precipitation(x 5) (b5)-24.4? 1.51a -20.J56 1.26 
Wind(x 6) (b6)-.0019 .01 -.OJ51 .27 
Time2("7) (b?) .0452 .81 .0804 1.52a 
2 Day (xg) (b8) .0058 1.89a 
Time x Day(~) (b9) .0729 1.73a .0015 .08 
Time2 x Day(x:i_0) (b10)-.0004611.42a -.000628 2.01a 
2 Timex Day (x:i_1 ) (b11 )-.0001811.26a .000069 1.26 
Timex Light(x:i_2 ) (b12)-.00105 .?? -.00214 1.73a 
Timex Temperature(Xi_3) (bl3)-.00J47 .25 .00563 .4J 
Light x Precipitation(Xi_ 4 ) (b:i_4) .01497 .17 .0157 .18 
Temperature x 
Precipitation(Xi. 5) 
(b15) .2965 .80 .2JJ5 .6J 
bo 152.112 bo 40.285 
R2 
= .15 R2 = .15 
df = 452 df = 479 
a Significant at .95 level of confidence 
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Substituting these values into Model 1 equation, using b values given in 
Table 15, y is found to equal 7.5 (8) calls. The actual overall mean 
value for calls during period 5 (sW'lI'ise period) was 11.5 (12), giving a 
difference of 4 calls. Fi gure 11 shows a comparison of calling values 
predicted for 2 days during the study with overall mean values observed. 
The predicted and observed values differ, but the general pattern of each 
curve is the same. This shows that some major factors have been measured, 
but others need to be considered. The low multiple correlation factors 
obtain ed for both models tested also lead to this conclusion (Table 15). 
The effects of predators, contact between individual males, and contact 
bet ween coveys are factors, not included in either model, which have been 
shown to influence callin g . 
Though data sufficient to insure hi gh accur acy in predictin g the 
rate of callin g to be expected under given conditions are lackin g, 
gener al izations as to optimum time and conditions for samplin g can be 
made. Assuming that the population of Chukars on Little Mount ain was 
t ypi cal of any wild population, the best conditions for samplin g would 
be as follows : 
1. Season: April and May seem to be the best months for samplin g . 
Coveys normally have dispersed by this time and pairs should be more 
evenly distributed in a given area. 
2. Time of day: Periods of consistent high callin g most often occur 
from JO minutes before to JO minutes after sunrise. This should be the 
best time to sample calls. Minimum sampling time for an area should be 
15 minutes to allow for individual variations associated with aggressive 
encounters. 
J. Weather: As weather does influence the amount and time of callin g , 
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extremes of weather should be avoided whers possible. Call counts should 
not be taken when it is raining or when wind exceeds 5 miles per hour. 
Sampling during extremely cloudy weather or imminent storms should also 
be avoided. 
All these requirements follow the conditions which have been 
determined as optimal for taking calling counts on Doves and Pheasants. 
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DISCUSSION 
Advertising song, as defined by Tinbergen (19:39) is a "loud sound, 
given by a bird of one of the two sexes especially at the beginning of 
the reproductive period, that serves to attract a sex partner, to warn 
o£f a bird of the same sex. or both." Rally calling in the Chukar, by 
this definition, typifies song as seen in most passerines. The steam-
engine call of the Red-leg ged Partridge (Alectoris ~) has been 
described as song in this species (Goodvin, 1952). In the Chukar, 
however, the steam engine call is given most often in situations of 
thwarted drive (Stokes, 1961a). 
Although_ the rally call serves different functions durin g the year, 
it is not known if there is a true difference in pattern. To the ear the 
call sounds similar at all seasons. Sound spectrographs taken at various 
yearly times and durin g different social situations may establish a 
difference. 
Environmental Factors and the Diurnal Pattern 
Light intensity and temperature 
Both of these factors are closely associated with time of day. 
Light intensity followed a definite pattern through the day with devia-
tions occurring on cloudy days. Temperatures also followed a diurnal 
pattern. I have shown that the Chukar calls more when light and 
temperature are low, but these conditions do not always elicit a response. 
Sumner (19J5) showed that the California Quail on a shaded slope retire 
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earlier (within 8 to 10 minutes) than birds in the same area which were 
on an eastern slope. P:1.telka (1943), working with the American Woodcock, 
demonstrated that the amount of illumination at the beginning of evening 
calling varied from 1.5 to 28 foot-candles. The Chukar rally calls at 
light intensities from Oto 600 foot-candles, with more calling at values 
of 50 foot-candles or less. This suggests that there is a threshold of 
light intensity which controls, to some extent, when a bird will start 
callin g . Davis (1958) and :&Ynon (1960) showed than song in several birds 
comes earlier in relation to sunrise during the period of maximum produc-
tion of sexual hormones. There is apparently a direct relation between 
sex hormone level and sensitivity to light. 
Wind and rain 
Although these variables are independent in their action, I have 
dealt with them to gether as they are often associated in time of occur-
rence. High winds and even, light rains inhibit calling in most 
instances, but calling did occur when both of these factors were 
apparently adverse. McClure (1939) demonstrated that cooin g by the 
Mourning Dove was reduced from 36 to 9 with hi gh winds. Rain also 
depressed calling from 24 to 15.6 coos average. 
Even the moisture present from a "heavy dew" altered the crowing 
activity of the Pheasant (Kozicky, 1952). The inhibitory effect of rain 
appears mechanical, but rain may increase heat loss of the individual 
bird. When it is raining most birds cease all activities, including 
callin g, and retire to cover. The effect of high winds is similar . High 
winds often blew dried Russian Thistle (Salsola ~) through the study 
area with considerable speed. This startled Chukars feeding in the open 
and caused them to seek cover. Scheer (1952) found that vind was the 
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only weather factor to yield a significant influence on early morning song 
in the ffiackbird (Euphagu.s sp. ). Although the normal effect of wind and 
rain was to reduce calling, at times it seemed that the Chukars had a 
high motivation to call and did so even in the face of adverse conditions. 
Time of day 
It is possible that time of day is important only in that at certain 
times during the day conditions of light intensity and temperature are 
optima l for callin g . To say that Chukars call at certain times of the 
day is convenient for our use, but it should not imply that the bird is 
calling because it is that time. 
Recent workers have demonstrated that birds have a precise sense of 
time (Kramer, 1952; Farner, 1955; Matthews, 1955; Sauer and Sauer, 1960), 
and the presen ce of an internal or physiological "clock" has been shown 
for many animals ( Brown , 1957, 1959; Bruce and Pittendrigh, 1957; Halberg, 
1959). Such 11clocks" are continually reset by environmental clues, called 
11time giver s" by Aschoff (1958), and thus consist of entrained exogenous 
and endogenous components (Aschoff, 1960). I do not have sufficient data 
to evaluate an internal "clock" in the Chukar, but the diurnal pattern of 
callin g seems to indicate that this is possible. 
Seasonal Variation and Internal Motivation 
Breeding season 
Most birds sing in the spring during the breeding season. Changes 
in the birds' internal environment take place following increased 
production of sexual hormones. Marshall (1960) stated that in late 
winter day length initiates the seasonal sexual cycle of many northern 
hemisphere birds,but there is no evidence it governs the actual time of 
reproduction. Factors on the breeding ground do this. Wolfson (1959) 
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stated that photoperiodic fluctuations are important in the regulation of 
sexual cycles of all birds. Lack (19.54) has circumstantial evidence that 
the season at which a given species breeds is that season when suitable 
food for the young is most abundant. Further deliberation of the actual 
factor(s) that initiate the breeding sequence in birds is beyond the 
scope of this paper. Suffice it to say that the Chukar breeds in the 
spring and at this time the internal environment of the bird is changed 
resulting in a high incidence of rally calling. Taber (1949) and ]cynon 
(1960) also showed a close correlation between the reproductive cycle of 
the Pheasant, time of day, and amount of crowing. aYnon (1960) compared 
the gonadal weights and levels of gonadotrophin obtained by Greeley and 
Meyer (1953) with Pheasant crowing during the same year and found a 
definite positive correlation. Davis (1958) demonstrated that beginning 
of singing in the Rufous-sided Towhee (Pipilo erythropthalamus) correla-
ted with the initial increase in the number of Leydig cells in the inter-
stitial tissue, and that the establishment of song in the male population 
followed an additional increase in the mnnber of these cells. Sex 
hormones (testosterone propionate) increase sexual and aggressive 
behavior in young chicks (Noble and Zitrin, 1942) and adult capons (Davis 
and Domm, 194 J). As the rally call serves both sexual and aggressive 
functions (Stokes, 1961a), we can logically e.xpect more calling during 
the breeding season. 
The seasonal variation in calling determined in this study was not 
entirely typical for the Chukar. These birds were released into strange 
surroundings in March, but pairing and breeding activities at this 
latitude often begin in February. A period of adjustment must normally 
follow such a drastic change in a bird's life. Calling during April was 
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high but seemed to decline during May and then increased again during 
June and July. Cold, wet weather, which occurred durin g May and early 
June (freezing weather was recorded in early June), possible upset the 
normal breeding phenology. The absence of broods from birds located in 
the basin, and the fact that the Chukars were in coveys by mid-June, 
indicates that the full breeding sequence was not completed. Lehmann 
(1953) stated that the Bobwhite Quail, which were in coveys in summer, 
were not breedine actively and that compatibility after initial covey 
break-up was a true sign of "recessed breeding." More data taken during 
a "normal" breeding season will support or disprove this conclusion. 
Sax and social order 
Wood-Gush (1957) found no correlation between sexual and aggressive 
behavior in the Brown Leghorn Cock. As behavior displayed by any animal 
is an expression of its motivation , rally calling is the result of an 
interaction between internal drive and external stimuli. Rally calling 
in the spring is both sexual and aggressive. The male is the more 
aggressive, and calling during the breeding season is largely confined 
to this sex. It functions in territorial defense and possibly in securing 
a mate. Sex then determines which bird will rally call in what situation. 
Taber (1949) stated that nonterritorial Pheasant cocks were never 
seen to cr<Y.-1. Similarly three subordinate male Chukars observed in pens 
(males J , 4, and 5) had a low calling rate in comparison with two dominant 
birds. A similar effect of dominance influencing calling was not seen in 
females, but they did not appear to call as the result of sexual or 
aggressive motivation. In the wild, territorial cocks are dominant while 
on their territories and could be expected to call freely. Unmated cocks 
could react in one of two ways. They might not call at all, as is the 
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case of the Pheasant (Taber , 1949), or they may call at a rate even higher 
than mated males, as is the case for Bobwhite and California Quail 
(Stoddard, 19,31; Sumner, 19.35). As unmated males were not in the basin 
during this study (the five unmated males were driven out af'ter release), 
I do not have any information on their calling. 
Social contact 
I have shown that increased callin g followed when two or more Chukars 
came into cont act and that calling by several Chukars often stimulated 
calling in nearby birds . Thorpe (1958) stated, "I have known the stimulus 
provided by a hormone-injected Chaffinch singing in an aviary in the 
winter (to) induce other non-injected Chaffinches to sing their full 
territorial sone ." The effect that one bird can produce on another through 
social contact is pronounced . Borror (1961) demonstrated that the singing 
rate of a male Song Sparrow on its territory increased f'rorn 4 to 6 songs 
a minute to 8 to 10 by playing recorded song of the Sal'le or different 
individuals. Signs of agitation wer~ also seen. One Chukar sti.I:'lulating 
another to call may represent duetting as seen in many birds. Peak 
calling periods in the morning and evening nre always typified by several 
Chukars calling simultaneously or alternately. I am inclined to call this 
comnnmity singing rather than duetting. 
As social contact influences calling rate, variations in population 
densities of Chukars should also influence calling. A direct relation 
may exist in that when populations are high there are more birds to call. 
However, the relation may not be direct. Oech and Oech (1960), when 
stimulating callin g in passerine birds, found that an indirect relation 
existed between the amount of singing and density. At low population 
densities where fewer . Chukars would be in an area, perhaps there would be 
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less social contact to stimulate calling. On the other hand, there would 
also be fewer aggressive males to repress calling by other males and more 
calling could result. More work is needed to determine the effect of 
population density on calling in the Chukar and in other birds. 
Adaptations 
Although many workers have been concerned with factors that elicit 
calling during the day, few have dealt with the possible adaptations 
exhibited by diurnal calling patterns. Kendeigh (1934) stated that 
behavior aims to adjust the bird to surrounding conditions without over-
taxine the physiological processes. With this in mind several functions 
of diurnal calling patterns can be suggested. However, two basic premises 
must first be assumed: (1) that rally calling in the spring represents 
true song (territorial) and thus functions in integrating the activities 
of the species, and (2) that diurnal patterns of calling (with more 
calling in the morning and evening) are functional or were once so but 
are now only a relic. 
Calling, if it curtails activities such as fighting or chasing that 
detract from feeding, serves to allow more time for feeding. It is 
possible that a bird's metabolic needs dictate that it feed at these times. 
During the early morning and late evening, visibility is reduced and 
increased calling may serve to keep individual birds in contact. As birds 
are more active in morning and evening, increased calling may come at 
these times when an intruder or possible mate are more likely to move 
into a bird's territory. Alexander (1960) showed that several crepus-
cular species of insects confine their singing to evening for two reasons: 
(1) fewer insectivorous birds are active, and (2) pairs entering into and 
remaining in copula for long periods are less vulnerable during the hours 
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of darkness following dusk. It is possible that birds are also rnore active 
at these times due to reduced chance of predation. However, Sumner (1935) 
stated that hawks, which frequently take California Quail, are most 
active at dusk. 
Interaction of Factors 
Figure 12 is a diagrammatic representation of the factors that 
control calling in the Chukar. The Chukar in the spring has an internal 
drive to call governed by factors such as hormone level, sex, and social 
rank; and the daily calling pattern is a result of an interaction of 
factors, internal and external, within the bird and its environment. 
Sex, social rank, and social contact, under the influence of sex hormones, 
determine a bird's motivation to call. The pattern of calling for each 
day is further shaped by action of the physical factors of the environment. 
These may stimulate or inhibit calling at a particular time. Interaction 
of all these factors results in daily patterns of calling which change 
with season. 
BIOLOGICAL FACTORS 
Sex 
rank 
contact 
Motivation to Qall 
Interaction 
of factors 
.. ~ 
LEVEL OF CALLING 
PH!SICAL FACTORS 
L 
Length and time of d 
Optimum 
oalling conditions 
Figure 12. Diagrammatic representation of the factors that control calling in 
the Chukar Partridge. Biological factors act to produce an internal 
motivation to call that is molded into a daily pattern by physical 
factors that change from day to day. 
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SUMMARY 
1. Rally calling by the Chu.kar Partridge was studied from February 
through July under penned and natural conditions. The effects of physical 
factors such as temperature, wind. precipitati on, and light intensity on 
calling were measured. The influence of sex and social rank on calling 
was determined. 
2. The daily and seasonal pattern of calling was observed. Fre-
quency of calling was high in the morning and evening with little calling 
activity durin g midday . Daily pattern of calling before and after post-
breeding covey formation showed definite differences and was apparently 
due to an abnormal breeding phenology . 
J. High calling periods normally occurred at lowered light intensities 
and mild temperatures. High winds and preci~itation diminished calling at 
most times. However, it appeared that internal motivation to call was 
high enough at times to stimulate calling under adverse conditions. 
Contact between Chukars normally stimulated callin g. The pr esence of 
predators normally inhibited calling. 
4. Sex and social rank influenced calling by penned birds. Dominant 
males called more frequently than subordinate birds. Calling by females 
was hi eher than by males , but they appeared to call for reasons 
different than males. 
5. An attempt was made to develop a predictive mathemati cal equation 
to be used in detennining the number of rally calls to be expected under 
given environmental conditions. Uncontrolled variables prevented accurate 
predictions of calls. 
6. Possible adaptive functions of the diurnal pattern of rally 
calling are Sllggested. 
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